SUMMARY Pulsed Doppler echocardiograms were obtained from 42 normal fullterm neonates at < 12 hours (20 subjects), 4 days (20 subjects), and 33 days (12 subjects). The acceleration time of the flow velocity and ventricular systolic time intervals were measured on recordings obtained at the right and left ventricular outflow tract, and the patency of the ductus arteriosus was evaluated by the flow at the pulmonary end of the ductus. The flow velocity pattern of the right ventricular outflow tract changed from a triangular shape with a peak velocity in early systole in the younger age groups to a dome-like contour with a peak velocity in mid-systole; thus the ratio of mean acceleration time to right ventricular ejection time increased with age. The flow velocity pattern of the left ventricular outflow tract was triangular in all age groups, and the ratio of mean acceleration time to left ventricular ejection time showed no significant change with age. The right ventricular pre-ejection period shortened and the right ventricular ejection time lengthened with age; thus the ratio of mean right ventricular pre-ejection period to right ventricular ejection time decreased with age. The left ventricular systolic time intervals showed no significant change with age. The ductus arteriosus was patent in all subjects who were less than 12 hours old but was closed in the older neonates.
Soon after birth the ductus arteriosus and foramen ovale close and there are considerable falls in pulmonary vascular resistance and pulmonary artery pressure.' It would be useful to have a reliable non- invasive method of evaluating these changes. Pulsed Doppler echocardiography has been used to assess blood flow in the heart and great vessels noninvasively, and it has various clinical applications including detection of valvular stenosis or insufficiency and shunt lesions.23 The flow velocity pattem of the right ventricular outflow tract has been shown to be useful in assessing the pulmonary vascular resistance and diastolic pressure of the pulmonary artery in patients with congenital heart disease.4 5 To test the hypothesis that the flow pattern of the right ventricular oudlow tract might reflect the Requests for reprints to Dr Hirohiko Shiraishi, Department of Paediatrics, Jichi Medical School, Minamikawachi, Tochigi, 329-04, Japan.
Accepted for publication 29 September 1986 decreasing pulmonary vascular resistance and diastolic pressure of the pulmonary artery in the early neonatal period we studied the normal flow patterns of the right and left ventricular outflow tracts in the first month of life by pulsed Doppler echocardiography.
Subjects and methods
We examined 42 neonates and infants (estimated gestation 37-41 weeks): 20 < 12 hours old (0 day old), 20 3-9 days old (4 day old), and 12 28-37 days old (1 month old). Ten neonates were examined twice. All infants had uneventful perinatal histories and were normal by physical examinations and by cross sectional echocardiograms. The Heart rate (beats/min)
121 (11) 117 (14) 142 ( and averaged to obtain the final systolic time interval and AcT. PEP, AcT, and ET were determined in 12 recordings by one observer on two occasions. The intra-observer variability for PEP, AcT, and ET was 3%, 4%, and 2% respectively. The ductal patency was also evaluated by means of diastolic forward flow at the pulmonary end of the ductus. Data were expressed as mean (SD) and were compared with those of other groups by Student's unpaired t test. A probability value < 0 01 in the two tailed test was considered to be significant. (table) . The mean AcT:RVET ratio increased significantly with age from 0 37 in the 0 day olds to 0 56 in 4 day olds and to 0 52 in 1 month olds (fig 2) . None of AcT:RVET ratios was < 0-42 in the older groups. In all 10 infants who were examined on two occasions the AcT:RVET ratio was higher at the second examination (fig 3) .
The flow velocity pattern of the left ventricular outflow tract was also triangular with a peak velocity in early systole, but this pattern did not change with increasing age (fig lb) . The right ventricular ejection time (RVET) increased from a mean of 192 8 ms in 0 day olds to 215-0ms in 4 day olds and then decreased to 200 6 ms in the 1 month olds. The mean heart rate of 1 month olds was increased. The mean RPEP:RVET ratio declined from 0-51 in 0 day olds to 0 34 in 4 day olds and to 0-32 in the 1 month olds (fig 4) . A second examination in 10 neonates showed a decreased RPEP:RVET ratio (fig 3) .
Left ventricular systolic time intervals showed no significant variation with age (table) We found that the shape of the flow velocity envelope of the right ventricular outflow tract in healthy infants changed considerably in the early neonatal period from a triangular shape to a domelike contour; this was confirmed by an increase in AcT:RVET ratio. We considered that an AcT:RVET ratio of < 0-42 indicated the presence of pulmonary hypertension. This change may reflect a decrease of pulmonary artery pressure. 1 The change in the AcT:RVET ratio is regarded as an indicator of pulmonary vascular resistance and pulmonary artery pressure in laboratory animals12 and patients with pulmonary hypertension. 45 Franklin et al reported the pattem of right ventricular ejection as a gradual increase in flow with a rounded peak in mid-systole and that of the left ventricular ejection as an abrupt increase in flow with a sharp peak in early systole. As pulmonary artery resistance increases the ejection pattern of the right ventricle approaches that of the left ventricle.'2 With pulsed Doppler echocardiography the flow velocity pattern of the right ventricular outflow tract in normal controls has a dome-like contour with a peak velocity in midsystole, whereas in patients with pulmonary hypertension the envelope is triangular with a peak velocity in early systole."5 Thus pulsed Doppler echocardiography may be used to detect raised pulmonary artery pressure. 4 The rapid acceleration of the flow in the pulmonary artery appears to be caused by the increased peak dP/dt of the pressure load of each ventricle,'3 and the early deceleration of the flow appears to be caused by the high total pulmonary vascular resistance and increased pulmonary vascular impedance." Okamoto et Shiraishi, Yanagisawa decreased as pulmonary artery pressure increased.5 Pulmonary artery pressure has been evaluated from the flow pattern obtained at the main pulmonary artery by pulsed Doppler echocardiography.'5 The flow in the main pulmonary artery in the early neonatal period is likely to be affected by the shunt flow through the ductus arteriosus. This is why we used the flow pattern of the right ventricular outflow tract to assess the pulmonary vascular bed.
Cardiac catheterisation in normal infants has shown that pulmonary artery pressure is high soon after birth and gradually falls in the first days of life.'
Variables other than these direct measurements have been used to assess the pulmonary vascular bed non-invasively. The systolic time interval, which appears to be influenced by factors such as afterload, myocardial contractility, ventricular electrical activation, preload, or heart rate,16 17 is one of the noninvasive variables that has been used to evaluate cardiac function and the pulmonary vascular bed.'8 We used pulsed Doppler echocardiography to measure the systolic time intervals of the right and left ventricles. There was a clear decline of absolute RPEP and RPEP:RVET ratio in the early neonatal period. These findings are compatible with the previous reports in which M mode echocardiography was used. ' Our method determines the onset and the end of the ejection more accurately. The preejection period of each ventricle was, however, longer in our study. The time lag between sampling and frequency analysis was probably responsible for this.67 Riggs et al obtained serial M mode echocardiograms from normal full term infants and measured right ventricular systolic time intervals from the pulmonary valve echo.10 They showed that alterations in the RPEP:RVET ratio reflected the decreasing pulmonary artery pressure and pulmonary vascular resistance in the early neonatal period.
Another important aspect in our study is the assessment of the patency of the ductus arteriosus. In all the 0 day olds there was forward flow at the pulmonary end of the ductus during diastole indicating patency of the ductus. No forward flow was detected in older neonates. Pulsed Doppler examination in combination with cross sectional echocardiography is a non-invasive and highly sensitive method of evaluating the patency of the ductus arteriosus.9 20 The ratio of LPEP:LVET was slightly but not significantly lower in the 0 day old neonates. This might be the result of increased preload and decreased afterload of the left ventricle caused by the left to right shunt through the ductus arteriosus. Pulmonary artery pressure did not fall abruptly after the establishment of respiration despite a considerable decrease in the pulmonary vascular resistance.' We did not measure the shunt through the ductus; however, an increase in pulmonary blood flow caused by the left to right shunt may have influenced pulmonary artery pressure and pulmonary vascular resistance in the neonates who were < 12 hours old.
